With rapid ventricular pacing, sustained ventricular tachycardia (VT) is often entrained and interrupted at a critical paced cycle length. In this paper, the possible mechanism and determinant of the critical cycle length interrupting VT are addressed.
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The paced QRS duration and the conduction time were prolonged by procainamide but in smaller degrees than the cycle length of VT or the block cycle length (p<0.02-01). The effective refractory period at the pacing site and the QT interval showed small changes after procainamide. The postrepolarization refractoriness rather than the duration of action potential can be responsible for the procainamide-induced prolongation of the block cycle length, and the block cycle length might be used as a new index to characterize the electrophysiologic property of the VT circuit and also the action of antiarrhythmic drugs. (Jpn Heart J 35: 611-623, 1994) patients were male and seven were female. Six patients had VT related to coronary artery disease and all of them had remote myocardial infarction. Occlusion of the coronary artery to the infarction area was confirmed by coronary angiography. Two patients (one male and one female) had been operated on for tetralogy of Fallot 8 and 15 years previously. One male and one female had been operated on for double outlet right ventricle 7 and 12 years previously, respectively. Two patients had idiopathic cardiomyopathy. In the remaining four patients, arrhythmogenic right ventricular dysplasia9) was diagnosed in one, pulmonic regurgitation of unknown cause in one, progressive systemic sclerosis in one and no demonstrable heart disease in one. Verapamil-responsive idiopathic VT10) was not included. Electrophysiologic study: The procedure, the purpose and possible risks were fully explained and after informed and written consents were obtained, the electrophysiologic study was performed in the postabsorptive and non-sedated state. All antiarrhythmic agents were discontinued for two to three days before the control study and no patient had been treated with amiodarone.
Quadripolar electrode catheters (USCI, 6F multipurpose catheter, Boston, MA, USA) were placed against the right atrium, the His-bundle region, and the apex or the outflow tract of the right ventricle. Another quadripolar electrode catheter was positioned within the left ventricle. The site of VT origin was determined by extensive endocardial catheter mapping as the earliest site of activation during VT,11) and an electrode catheter was placed at the site. Induction of VT: The standard protocol7-8,12) was used for the induction of VT: the extrastimulus technique using 1-2 (3 when necessary) extrastimuli after eight basic stimuli at two cycle lengths, 600msec and 400msec, and incremental pacing at a cycle length between 600 and 286msec for 5-10 seconds. They were delivered at two sites in the right ventricle and one site in the left ventricle. Electrical stimuli of 2.0msec duration were delivered at twice the late diastolic threshold by a programmable stimulator (Fukuda Denshi Cardiac Stimulator BCO2, Tokyo, Japan). The intracavitary electrograms were filtered at 30 to 500 Hz and stored on magnetic tape (TEAL Cassette Data Recorder XR-5000, Tokyo, Japan) simultaneously with surface electrocardiographic leads I , II and VI. They were retrieved later on a recorder (Fukuda Denshi Co., Thermal Recorder RF-85, Tokyo, Japan). The data were also recorded directly on an ink-jet recorder (Siemens-Elema Mingograf 7) at a paper speed of 100mm/sec . All induced arrhythmias were recorded on a 12 lead electrocardiogram. Rapid pacing during VT: After the induction of VT, rapid pacing was performed from the apex of the right ventricle starting at a cycle length which was 10-20msec shorter than that of the VT, and repeated in decrements of 10msec until VT was interrupted. 7, 8) The criteria of transient entrainment by earlier workers1) were used; (1) demonstration of a constant fusion during pacing at a constant rate faster than the VT except for the last captured beat which occurred at the pacing rate on the surface electrogram or on the intracavitary electrogram with the same non-fused morphology (non-fusion of last captured beat), (2) demonstration of a constant but different degree of fusion in the QRS complex during pacing at a different pacing rate (progressive fusion), (3) interruption of VT with localized block at a site or sites followed by activation of that site or sites from a different direction with a shorter conduction time by the next paced impulse.1)
If VT was not entrained from the apex of the right ventricle, rapid pacing was performed from the outflow tract of the right ventricle. If VT was not entrained from the two sites, rapid pacing was attempted from the left ventricle.
The first stimulus was given 5msec after triggering of the local electrogram at the pacing site so that the relation between the first stimulus and the local electrogram or the QRS complex of VT was always constant for each pacing.
Each rapid pacing was continued for 5-10 seconds and the QRS complexes and presystolic electrograms were checked for possible changes in the morphology and timing of the activation. Actually, constant fusion was obtained within several paced beats, and when VT was interrupted, sudden changes in the presystolic electrogram or sudden loss of fusion in the surface electrocardiogram was observed within 5 pacing stimuli as reported earlier. 7, 8, 13) Direct current shock was employed to restore sinus rhythm when acceleration of the VT rate or hemodynamic deterioration was observed. The effective refractory period and Q-T interval: The effective refractory period of the normal myocardium was measured at the pacing site by the extrastimulus technique of giving premature stimuli at progressively shorter coupling intervals until they failed to capture the myocardium. The longest coupling interval which failed to capture the myocardium was defined as the effective refractory period. The basic drive was given at a cycle length of 400msec.
The QT interval was measured and the effect of procainamide was compared with that of other variables. The paced QRS duration and local conduction time: The paced QRS duration was measured at a paced cycle length of 400msec and used as an index of the global conduction time of the ventricle. The local conduction time was also measured from the stimulus to the VT origin or to a remote site of the contralateral ventricle. These parameters were measured just prior to the induction of VT or soon after the termination of VT and used as conduction times in the normal myocardium. Drug administration: Procainamide was given intravenously at 12-15mg/kg at a rate of 50mg/minute after the control electrophysiologic study. Figure  5 .
Jpn Heart September 94 Figure 3 . Rapid pacing at the block cycle length. The details of rapid pacing at the block cycle length shown in Figure ID . The last four beats (asterisks) are identical to the fully paced configuration and the loss of constant fusion was abrupt. Immediately before the loss of fusion, the stimulus to the entrained electrogram showed a slight prolongation from 308 to 312msec. In the initial part of the pacing (not shown), the time interval was constant at 308msec and the fused complex was stable in the configuration.
The local electrogram at the earliest site of activation shows a change in the morphology and timing of activation concomitantly with the loss of constant fusion. I, II, VI=surface leads; RVA=the apex of the right ventricle; HBE=His bundle area; RVO=the outflow tract of the right ventricle (the VT origin). 
DISCUSSI
Mechanism of the interruption of VT: With rapid ventricular pacing, all VTs were entrained and interrupted at a critical cycle length which was defined as the block cycle length.7,8,13) The findings at the block cycle length were characterized as follows; (1) constant fusion was found in the initial phase but lost subsequently (Figures 1 and 2 ), (2) the local electrogram at the VT origin showed changes in the morphology and the timing of activation (Figure 3 ), (3) these changes were invariably associated with the interruption of VT as evident after the cessation of rapid pacing. The finding is indeed the third criterion of transient entrainment by Figure 5 . Comparisons of the procainamide-induced change of the VT cycle length and the block cycle length. Though the overall changes in the VT cycle length (VTOL) and the block cycle length (Block CL) were not different, the individual response of each parameter was variable; in 8 VTs the block cycle length was prolonged more than the VT cycle length and in another 10 VTs, the reverse was found. A similar relation was observed in the percentile changes between the VT cycle length and the block cycle length. The significance of the different response of each parameter is unknown thus far. however, it might be affected by the number of stimuli,27) and such is to be systematically determined. Conclusion: VT with an identical morphology was entrained and interrupted before and after procainamide at a critical cycle length (block cycle length) when the paced cycle length was decreased in steps of 10msec. Characteristic changes observed at the block cycle length suggest that orthodromic block is the cause of interruption of VT and the block cycle length can be a critical cycle length at which 1:1 conduction fails in the VT circuit.
A marked prolongation of the block cycle length would be well explained if the determinant of the block cycle length is the postrepolarization refractoriness rather than the duration of the action potential. A smaller change in the conduction time through the normal myocardium or in the paced QRS duration than that of the cycle length of VT suggests a preferential action of procainamide on the area of slow conduction of the VT circuit.
